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Abstract 
Practical data of human movement characteristics in different visibility conditions is necessary for the fire performance-based designs and 
evacuation calculation models. In this study, an evacuation experiment was conducted in a classroom and the evacuation processes were 
recorded by video cameras. The impacts of visibility and gender on walking speed were analyzed. The walking speed of young female 
pedestrians in good visibility conditions measured in our experiment is 0.92 /m s  and in conditions without visibility the mean velocity is 
0.42 /m s . Besides, the mean velocity of males in conditions with good visibility is 0.91 /m s  and in zero visibility conditions the value 
is 0.69 /m s . Additionally, the distributions of velocities obtained in different visibility conditions in this study obey the Gaussian 
distribution. The results are similar to that of previous study. The research is helpful for devising evacuation schemes of theater, stadiums, 
gymnasiums etc. and also can be used in guiding regional evacuation processes, such as evacuation processes of chemical industrial parks 
whose building layouts and exit arrangements are similar to the classroom. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Introduction 
Pedestrian evacuation, as a common strategy used in emergency management, has become one of the research hotspots in 
recent years. Various models [1-5] have been reported to simulate the process of pedestrian evacuation and most of them are 
based on the observations of human behaviors and statistics of some important data, such as pedestrians' velocities, exit 
selections, flow rate, panic factors etc. These models play important roles in predicting pedestrian behaviors in evacuation 
and in designing evacuation schemes. In most of the studies, the evacuation processes are under good visibility conditions. 
However, during some emergencies, such as fire and leakage accidents, the smoke or a failure of the electrical power supply 
reduces the range of visibility significantly and sometimes the evacuees may encounter the conditions of zero visibility. And
evacuation behaviors under visibility handicapped conditions are one of the difficulties in the evaluation of evacuation 
design and in accurately predicting the evacuees' escape time. Therefore, in the last decade, more efforts have been put on 
the studies of the evacuation processes without visibility. Motonari and Helbing [6] studied the pedestrians' mean value and 
distribution of escape time in a dark or smoky room. They demonstrated that adding more exits did not improve the 
situation in the expected way and the average escape time became minimal for a certain finite number of people under 
visually handicapped conditions. Ryoichi Nagai and Takashi Nagatani [7] reported the effect of the configuration of exits on 
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the evacuation process in a dark room focusing on the distribution of escape times, with simulations based on an extended 
lattice gas model. Kobes et al. [8] conducted 83 evacuation experiments in a hotel building at night focusing on way finding 
during fire evacuation. She investigated the possible influence of smoke and low placed exit signs on the human fire 
response performance. It is found that smoke has influence on the route choice, and low placed exit signs and personal 
feature of prior knowledge of the surroundings appear to have a positive influence on the use of the nearest fire 
exit.Moreover, Jeon and Kim [9] analyzed the human evacuation characteristics and performance change under four types 
of different visual conditions. In their experiments, travel distances changed significantly in different visibility conditions. 
Guo and Huang [10] investigated the route choice of pedestrians in evacuation processes under conditions of both good and 
zero visibility in a classroom with respect to preference for destination, effect of capacity, interaction between pedestrians, 
following behavior and evacuation efficiency. Most of these studies on the pedestrians' evacuation in handicapped 
conditions have been dominated by a focus on evacuation time and route choices. As noted above, the walking speed of 
different genders under different visibility conditions remains under researched. Consequently, it is important to perform 
more evacuation experiments and collect practical data on evacuation processes under different conditions to increase the 
certainty of the fire performance-based designs and the accuracy of evacuation calculation models.  
In this work, the evacuation processes of pedestrians in a classroom were investigated using a group of experiments 
conducted in a classroom and the processes were recorded using video cameras. Not only good visibility conditions, but also 
conditions of zero visibility have been considered. The velocities of the pedestrians of different genders in different 
visibility conditions have been obtained. Besides, the impacts of visibility and gender on walking speed have also been 
analyzed. By comparing with similar studies, it is found that our results are reasonable and applicable. 
2. Experiment 
The experiments were conducted in a classroom as schematically illustrated in Fig. 1. The exact width of the classroom 
was 6.6W m  and its length 12.0L ms . The exit, with a width of 0.9m , was located in the north wall, at a distance of 
0.1m  from the west wall. There was a platform in front of the classroom, 1.2m  from the first row of desks and 24 desks 
were arranged in 6 rows of 6. Both the platform and desks were considered as obstacles and denoted in the schema by 
rectangles, and the initial positions of individuals are denoted by circles and are numbered from 1 to 24. The transverse 
distance between desks in each section was 1.5m , the width of the horizontal aisle(noted as aisle 1)near the north wall 
was1.0m , the middle horizontal aisle (i.e. aisle 2) was 1.4m  and the one (aisle 3) near the south wall was 1.0m . Because of 
the structural features of the classroom, two cameras (i.e. camera 1 and camera 2) were used to record the evacuation 
process of pedestrians in the classroom. The video cameras were mounted at the southwest corner of the classroom and near 
the middle of the east wall, respectively. Besides, another two cameras (i.e. camera 3 and 4) were used to record the 
pedestrian outflow from the exit. Camera 3 was located at the platform and camera 4 was located in the front of the exit. 
Forty-eight female students and Forty-eight male students were recruited and asked to evacuate from the classroom in 
minimum time. The characteristics of the participants are shown in Table 1. Both the females and males are divided into two 
groups. That is, four pairs of experiments were carried out and there were 24 participants in each pair of experiments. By 
using this method, the mean velocities of 96 participants can be obtained in a classroom. In each pair of the experiments, the 
female and male students were asked to perform the same two evacuation processes separately, starting from identical initial 
positions. In the first evacuation process, the participants were under condition of good visibility. In the second evacuation 
process, each pedestrian wore an eye mask and was evacuated under condition of zero visibility. All individuals began to 
move towards the exit as soon as the command to evacuate was given. Once the individuals arrived at the exit, they left the 
classroom. An individual's evacuation time is defined as the time between the command and the moment the individual exits 
the classroom. Each pair of the experiments was repeated three times and each evacuation process was recorded by the four 
cameras. 
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Fig. 1. Schematic illustration of the classroom. 
Table 1. Characteristics of the subjects in experiments 
Gender Subjects number Mean age Mean height (cm) 
Female 48 23.9 161.2 
Male 48 23.9 173.3 
Total 96 23.9 167.3 
3. Results and discussion 
According to the video data, the trajectory and escape time of each participant in the classroom can be obtained. For 
example, Fig. 2 shows the tracking process of a female student whose person ID is noted as 24. Besides, it can be found that 
under condition of good visibility, the students can see the route in front and the exit, they will choose the shortest route to 
the exit. That is, the students in column 1 and 2 prefer to choose aisle 1, the participants in column 3 and 4 choose aisle 2 
and nobody selects aisle 3. Under visually handicapped conditions, the pedestrians still select the shortest route, try to touch 
something and move along the boundary of walls or desks. Fig. 3 shows two typical trajectories of students in different 
visibility conditions until they successfully escape from the room. Therefore, with the help of desks, the travel distance of 
each participant in different visibility conditions can be calculated according to Table 2. 
(a)     (b)  
Fig. 2. Field of view of camera 2 at 5t s  and 11t s  under conditions of zero visibility respectively. These two figures also show the tracking process 
of the females whose person ID is noted as 24.  
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(a) (b)  
Fig. 3. Two typical trajectories of students in different visibility conditions until they successfully escape from the room and face direction is indicated by 
an arrow. (a) The trajectory of participant 24 in conditions of good visibility; (b) The trajectory of participant 24 in conditions of zero visibility.  
Table 2. Calculations of travel distances (unit: m ) of pedestrians in different positions 
Colum (m) 
m=1,2,...,4 
Travel distance of row (n) / n=1,2,...,6 
In conditions of good visibility In conditions of zero visibility 
Colum 1 1.5n+2.3 1.5n+2.3 
Colum 2 1.5n+3.9 1.5n+3.9 
Colum 3 1.5n+5.5 1.5n+6.5 
Colum 4 1.5n+5.9 1.5n+6.9 
Additionally, the evacuation time is defined as the time elapsed between the shouting of the command ( i start  ) and the 
moment the individual exits the classroom ( i endt  ). These two times allow the calculation of the individual velocities. The 
evacuation time of participants of different genders under different visibility conditions is summarized in Table 3 and Table 
4. By careful analysis of the video recordings, the trajectory and escape time of each students have been determined. Thus, 
the velocity of each participant can be calculated using Equation (1). 
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  (1) 
where i  is the individual's person ID and il  is the travel distance of the participant whose ID is noted as i . 
For example, the female participant 24 is in row 6 and column 4. Then, her travel distances are calculated according to 
Table 2 and her evacuation time can be obtained in Table 3. In good visibility conditions, her velocity is 
 24 1.5 6 5.9 24 0.6208 /V m s    and under zero visibility conditions, the velocity is 
 24 1.5 6 6.9 27 0.5889 /V m s    . The velocities of other participants can be derived similarly. The females' mean 
velocities distribution in different visibility is illustrated in Fig. 4 and males' is shown in Fig. 5. 
Table 3. Evacuation times (unit: s ) of female pedestrians in Experiments 
Person ID 1 2 3 4 5 6 7 8 9 10 11 12 
Good visibility 3 5 10 7 4 5 8 9 6 10 11 9 
Zero visibility 4 12 16 19 14 22 25 15 16 33 29 27 
Person ID 13 14 15 16 17 18 19 20 21 22 23 24 
Good visibility 8 12 13 14 13 16 17 19 14 15 18 19 
Zero visibility 18 35 47 38 42 37 29 31 38 45 41 45 
Person ID 25 26 27 28 29 30 31 32 33 34 35 36 
Good visibility 4 5 11 7 4 6 9 9 7 12 13 12 
Zero visibility 6 11 17 18 9 16 21 23 13 23 21 20 
Person ID 37 38 39 40 41 42 43 44 45 46 47 48 
Good visibility 8 9 16 15 12 13 17 19 14 16 18 15 
Zero visibility 15 26 35 48 28 32 37 36 30 31 42 40 
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Table 4. Evacuation times (unit: s ) of male pedestrians in Experiments 
Person ID 1 2 3 4 5 6 7 8 9 10 11 12 
Good visibility 3 6 8 7 4 9 10 10 6 9 12 12 
Zero visibility 6 9 9 11 7 12 14 15 11 16 16 18 
Person ID 13 14 15 16 17 18 19 20 21 22 23 24 
Good visibility 8 15 18 18 10 11 16 17 13 17 17 19 
Zero visibility 15 20 23 25 17 21 21 23 18 22 27 26 
Person ID 25 26 27 28 29 30 31 32 33 34 35 36 
Good visibility 4 5 6 7 5 8 11 10 7 9 12 13 
Zero visibility 5 7 8 8 6 8 11 12 10 11 14 15 
Person ID 37 38 39 40 41 42 43 44 45 46 47 48 
Good visibility 8 13 14 16 9 12 15 14 13 15 16 18 
Zero visibility 14 16 18 20 16 17 18 18 19 20 22 24 
0 5 10 15 20 25 30 35 40 45 50
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
V
(m
/s)
 Female - in conditions of good visibility
 Female - in conditions of zero visibility
Person ID 
 
Fig. 4. Mean velocity of each female participant in different visibility conditions. 
 
Fig. 5. Mean velocity of each male participant in different visibility conditions.  
Obviously, both females and males walk faster in good visibility conditions, as shown in Fig. 3 and Fig. 4. More 
specifically, in females evacuation processes, under conditions of good visibility, most of the iV  values concentrate within a 
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range from 0.5 /m s  to 1.0 /m s  and within a range from 0.2 /m s  to 0.6 /m s  in visually handicapped conditions, according 
to Fig. 4. Moreover, it is manifest from Fig. 5 that most of the iV  values concentrate within a range from 0.7 /m s  to 
1.2 /m s
 and within a range from 0.5 /m s to 0.9 /m s in conditions of zero visibility in male pedestrians evacuation 
processes. Besides, it can be found that the mean walking velocities of participants are significantly different in evacuation 
processes. To quantify the difference among the iV  values of different pedestrians, descriptive statistics were carried out 
and the results were listed in Table 5. In conditions of good visibility, the mean velocity of females is 0.924 /m s  and the 
maximum velocity is 1.38 /m s . In conditions without visibility, the mean velocity of females becomes 0.422 /m s , with the 
maximum velocity being 0.95 /m s . In the male evacuation process, the mean speed of males is 0.913 /m s  and the 
maximum speed is 1.36 /m s  in good visibility conditions. In visually handicapped conditions the mean value is 0.687 /m s  
and the maximum speed is1.05 /m s . Furthermore, as can be seen from Table 5, in good visibility conditions, gender has a 
statistically insignificant effect on walking speed as Gates stated[11]. However, whether gender factor influences walking 
speed is a controversial issue [11-13]. Additionally, it is obvious that males walk faster than females under conditions of 
zero visibility, as illustrated in Table 5. That is, in conditions of zero visibility, gender has an influence on walking speed of 
young pedestrians. 
Table 5. Descriptive statistic on velocities (unit: /m s ) of participants walking under different conditions in our experiments 
Conditions Mean Standard deviation Minimum Median Maximum 
Female Good visibility 0.92402 0.18214 0.63636 0.87179 1.38000 
Zero visibility 0.42207 0.12307 0.23333 0.39875 0.95000 
Male Good visibility 0.91265 0.14375 0.63889 0.88250 1.32500 
Zero visibility 0.68675 0.12240 0.49500 0.66125 1.05000 
From above analysis, the velocities of evacuees of different genders in different visibility conditions have been calculated 
and the velocity data is useful for increasing the certainty of evacuation calculation models under visually handicapped 
conditions. Besides, it can be found that visibility has a significant influence on speeds of both females and males. The 
gender factor does impact the walking speed of the young pedestrians in visually handicapped conditions. 
4. Comparison to similar studies 
Guo and Huang[10] had also carried out a group of experiments in a classroom to investigate route choice in pedestrian 
evacuation under conditions of good and zero visibility. In this paper, six pairs of experiments were conducted and the 
evacuation time of each pedestrian in different positions in each pairs of experiments had also been given. Forty-eight pairs 
of data on evacuation time are extracted among the 180 pairs of data, considering the route choice of each participant 
presented in their experimental results. Using the method proposed in section 3, the mean velocity of each evacuee in 
different visibility conditions in their experiments can be obtained, as shown in Fig. 6. Obviously, in their experiments, most 
of iV  values are within a range from 0.4 /m s  to 1.1 /m s  in good visibility conditions and within a range from 0.2 /m s  to 
0.7 /m s
 in conditions without visibility. However, the gender ratio has not been presented in this reference. In order to 
compare with their results, the velocities of females and males obtained in our experiments are mixed together, as can be 
seen in Fig. 7. In this situation, the majority of iV  values are between 0.7 /m s  and 1.1 /m s  in conditions of good visibility 
and concentrate within a range from 0.3 /m s  to 0.7 /m s  in handicapped conditions. That is, the major distributions of 
velocity values in the two studies agree with each other. Descriptive statistics on the results of Guo's and our experiments 
are summarized in Table 6 and Table 7, respectively. Fig. 8 is a comparison of the mean velocity and its standard deviation 
in different conditions of each different experiment. In this figure, F and M represent Female and Male, respectively. G is 
the abbreviations of good visibility conditions and zero visibility conditions are abbreviated to Z. O means our experiments 
and Guo means Guo’s experiments. In this definition the meaning of each point can be understood. For example, point 1 
noted as F-G-O means the mean value obtained in females’ evacuation process in good visibility conditions in our 
experiments. 
 The mean velocities in good/zero visibility measured by their data are 0.8 0.32 /m s  and 0.41 0.19 /m s , respectively. 
In our study they are 0.92 0.16 /m s  and 0.55 0.18 /m s . It can be found that the velocity extracted from their 
experiments is smaller than obtained in our results. The reason is that some pedestrians select frontal routes that are 
unoccupied to avoid the congestion on frontal routes in their experiments, causing longer distances. Besides, the gender 
ratio may be another reason. However, in our method, it is assumed that all the evacuees are able to select the shortest routes. 
Hence, the actual values of mean velocities in the two different visibility conditions should be bigger than the values 
extracted from this reference. In other words, our results are more reasonable. 
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Fig. 6. Mean velocity of each participant in different visibility conditions in Guo's experiment.  
                                         Table 6. Descriptive statistic on velocities (unit: /m s ) of participants walking under different conditions in Guo's experiment 
Conditions Mean Standard deviation Minimum Median Maximum 
Good visibility 0.80017 0.31925 0.42509 0.66551 1.47647 
Zero visibility 0.41399 0.18813 0.16013 0.34683 0.95901 
 
Fig. 7. Mean velocity of each participant in different visibility conditions in Guo's experiment.  
Table 7. Descriptive statistic on velocities (unit: /m s ) of participants under different conditions in our experiments 
Conditions Subjects Female: Male Mean Standard deviation 
Good visibility 96 1:1 0.91833 0.164171 
Zero visibility 96 1:1 0.55441 0.180493 
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Fig. 8. Mean velocity in each different experiment.  
In previous studies, it has been found that the distributions of velocities obey the Gaussian distribution [14-16]. By 
careful analysis the statistics of the frequencies of different velocities, it can be found that the velocities obtained in both 
good and zero visibilities are distributed in a nearly normal fashion in our study, as shown in Fig. 9 and Fig. 10. The data of 
velocities in different visibility conditions is also useful in fire risk analysis and our results provide a reference to set the 
velocities of occupants of different genders in different visibility conditions. 
 
Fig. 9. Comparison of the velocity distribution in good visibility conditions for our experiments with data extracted from Guo.  
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Fig. 10. Comparison of the velocity distribution in visually handicapped conditions for our experiments with data extracted from Guo. 
5. Conclusion 
In this work, an evacuation experiment of students of different genders has been conducted in a classroom under different 
visibility conditions. The processes of participants' movement in the classroom were recorded and their movement 
characteristics were extracted from the recording data. It is found that visibility is of obvious influence on the walking speed 
and gender has a significant influence on walking speed of young pedestrians under conditions of zero visibility. The mean 
velocity of females is 0.92 0.18 /m s  in good visibility conditions and 0.422 0.12 /m s  in conditions without visibility. 
And the speed of males is 0.91 0.14 /m s  in conditions with good visibility and 0.687 0.12 /m s  in visually handicapped 
conditions. The total mean velocity in good visibility conditions measured in this study is 0.92 0.16 /m s  and in conditions 
without visibility the mean velocity is 0.55 0.18 /m s . Besides, the distributions of velocities obtained in this study obey 
the Gaussian distribution. By comparing with similar studies, it is found that our results are reasonable and applicable. 
The results are important for constructing or improving evacuation models, as accurate data on different evacuation 
conditions are required under evacuation environment where visibility is influenced by some uncertainties. The results also 
contribute to fire risk assessment and designing of theater, stadiums, gymnasiums and chemical parks etc. 
Additionally, it should be pointed out that the participants in this research were aged 21-25 and from one university. 
Further studies should obtain more data from pedestrians of different ages and from different places. 
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